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TNTRCMN.JCTION

Entonin has had n producinfi oil shnl~’ industry sinoc the 1920fa. A

United Shtcs oil shale rcsourc~ has men recagnizod slnae thg early

1900’s, but amrmerciali:ation hrrs been poatponcd by the iowm aost of’

p~trolem prm!ucts. The decrmsint: worlr! supply of’ oil prmlsm to bring

ahnut m uxpnslm of the EsLmlm produrtinn and the growth of n Unitud

states lndusLry. SmnplPti al’ Est.onim rind Grmn River nhalo hnvc been made
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Sc%lirxent layers or the oil shale were ●vmIinwl ?it mnrniflcaLions of

~@c!2-10 u(YOX because r!iany of the trace ●lrments fire prom?nt ils discrete

.

,.. m.~!.: .:., ::. *D, ::. m :,, ::’... ,“~ !,l .:. 1’. . : ! ‘.’ ‘!,;; 1~.. ,.~’: n.1. :,lj’ 1:.1.r.. II.!:

.! .:,-,, .,~.:~ ,q, o... L, :.1,:0,1 . ~’ ,:::, : ,,!., I...;s;ilil :,. ‘!.. ” :: ,,,-. .

:. .,. -!, .00,. , ., !..:*...,:? 1,,, .1 . .:,. , ‘.’9 :“I’ ”..:, 1’: ‘. ’:. ’’1:9’ : .’. ”: .“. :1

.. m“, ,mm,.,1 !., ,,:, ”,mm,.. ’;, .! :! “,. r,. .,i .F. ,. ., . .,
. . *.1’ m... ,: ..”

11;’..!:.!! ~ ‘;~n..m!!, ;,..,!!.0! , ;i, !Q. a m, ‘f ,,’:. l~; .’.:! ,r.

,.:co~ ,,m. ., .,
m., , : ;., .:.. .’-,,*.”.111.,. m~~ :,.

m ,.1,, s.9--; * . . . ... . . .!91. ,:; .’1, m 1!, ,.!. .:, , m,, .m )’r., . ,1 :,,., .0 -rl’.l::!l”

my,,, ,,..“ :, ,,, :,, :1..‘.8’. , I
.,, .,, ..,,11,. , , ,, , .*, : I i ml, b. ..,...,:, ,. ... .!

m .nm..~... . .,. ,.,t.,,o :!, .,m. ,., .:, nm ,,4m !man,n~u .1:,. .: ~ I ,.

,~,a ... ,,, ,91 !1. .0 , 91, ,.. ,., . , .,19, ,1 1. ,. 1’. . ‘m’s”’







IT~. F.ESULTSAHI)!II!?CIISSVW





calcite with a-quartz being the next Predaxinant m.haral. In contraat,

Grmm River ahalc IS predusinantly the mineral carbonate dolmite, with

lesser momta of calcite, although the relatlvn -unta are varinblo

througlmut the resource. After the carbonatl” ❑inerals, tk next vest

the

abundant ❑in~ral in Green River shales is m-quartz. A rough aatimti-.r Of

the relative at-dance of this mineral in the Green River shale amparad to

the Estonian raw shala can be ❑ade by peak height crnpsriscm of the

e-quartz (101) reflection. Baaed on ●xpnrlence In this laboratory

tm to three times ms mumh a-quartz in Grem River ahalem c-pared

Estonimn shale that hos been exarninnd. In addition to thes? ❑ajor

phases. both ahalcs have minor munta of clay minerals, feldaparm

there is

to the

mineral

and

cit.her silicates, and pYrit.c. me ❑ajmr specific dlfi%ranccs are grcat~r

quan%itles M feldspmthic minrrmls in the Grcnn Rivm shale cmparad co the

EsLw!m shalp, inclurlin~ the absence of mdlun !%ldspars in the Estonian

mntw:ml. I’hrre al.no dppoars to be a greater q’wntlty of’ clay minerals in

tho ~r’-~n PAVOI= shale cumpard to the Estonian shale.

The capoaition of the Estonian spent shale prov14fis insight Into the

pr(f’~.nxgnll =cn.i!~imz mporiunrc:l hy t.h!:: mat.rria]. ?W mlnmrel fiont~nt of

t,rmpor:lt.urns th;lt arc higher thnn opti,:m

(Paraho, ‘fbaco, LWgi) used in the Mited

original mln~ral matrix is indicated. The

mnjor phaw, Sh@ :Ippearanse of minor

mounts a~ akcmanitc/gehlonLtn and dloFaldc/a~ite solid solutions, ●nd

thn r~~lntiv~ dls:lppa~nnro of ealeltm And qu~rtz indicat~ retorting

condltion# Llmt ?cmnblc occidcn~ 11 011 Shale, Inc. modifiod ~ Mu (MIS)

pmcms. In Grwn Riv@r Nhulm prmcesad by HIS technology, calcite

rieecmpoaition cwura nbovo 107C K slow with a c mpeting reaction
:4,9)

● It

hns alra b~wn rcco};nlzmi that calcltc reacts with a-quartz ZO tirm cMlcim

silim:.ltrs cm. p-rhu~~ with fcldspnrs, to form calclm alunin= ailicatw

(ilk(*miinlLciRct:li!nitc: [Jr dlupmiddaugite wl!d aolutlons). It ia ●pparent

that thfi lll~i]p~:~’nr~llcn of minerals during procesalng can be aoc~pllsherl

throurh :i varl~”!.y uf rmctlun pnthumya. ~lnh are dcLemined by ~ocass

vnr~nhlw nurh :IS maximun temperntur~, time at max~rn~ temperature, heating

r:ll mu‘kinetics Olmmild stat- rcuctlons) . ●nd retort ●tmosph~re.

Within Lhc mmtoxt of thw potmtial solid state decm~sitlon ●nd

:llll~ution r~nctlona, the ❑ineral composition of the Estonian spent shale
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illuetratad in this photomicrograph. Relativo Wmmts of traoe cl-ants in

ragiona 1, 20 and 3 aro indicated by x-ray intenaitiam *= EM. Figure 2

shows th~ identities of the ■ajor ❑inerals in the ■atrix aurro~ding m.

ker*mn materitl. Ho ●levated traca element cmoentratioma war. notad in

this aren.

7he Estonian raw skale ample that ma ox=ined has ● mush higher
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●neoqlmted with ”tho Green Rlvew shale should favor solid stata raaotions in

cdditim to oarbonato deaanpoaition reactions, oanpared to the EatonIan

ahala Ware solid state reactions would be more difflault.

B. ,Laachatc Characterization

1, Inorganioa. Analytical ro&ulta fbr Estonian raw and spent ahalea

and Pnraho raw and spent shales are listed in Table IV. Canparison 0!’

leechatea generated from Estonian raw and Paraho raw shale indioa+.e little

difference in apccific oomluotanoe and PH values. Tho ❑ajor difference in

●lemental analysis is that the major cation in the Eatonlan leaohate Is

Qalciuno while the major cstion frcm the Paraho shale is sodium. The

diff’erenoe refleots the laak of sodium minerals in the Estonian shale

aanpard to the Paraho shale. The high inorganlo carbon oontent of the

Paraho letichate auggeata that this leachate 18 agsentially a sodium

carbonutdbicarbonate golution. Other differences in rnw ~hale lcachateg

are @xhiblted in several trace element aonoentrationa. ~ron and

inolybdcnun aolubilitica are greater fran the P@rahoraw shale compared to

the Estonian raw ghale. Heat othar major and trace element ooncentrationm

aro cunpnrablc for the Lwn rnu ahnle lcmhatm.

Examination of the spent ghale leachnte compositio~n sucgestg

diff’erencm iii proceaalng colldicions that oorrclatc with the mineralogy of

r.he shales, The higher ccndufitivlty of the Estonian sp[:nt ahaic lcachate

canpared to the Parmho sperlt shale lcachate indlcntcs probabl~ grmator

disruption of the mineral matrix during retortinR for Estonian s}uile. Thc’

●xtent of aarbonatw tiecanpoaition iu nlao augg~’stcd by onlaiun Ion

concentrations, whl~h ●re muoh hlgiw’ In the EatonM upent shale lenchnte.

Processing of both spent shales appears to have had very lit:le effect on

the other ma~ar or minor cationa. For ●xmnpl~, boran and molybdcnun

aoncentratlona wnr~ relatively unoffeetcd In the Parnho mat.erlala, Thc

only wxeeption 1s the lend conc~nt.rntion which incroasos In tho EnLonian

spent ahal”~ lcnrhatr canparcd to t!w raw Nhnle lwmhnte, BWnllU@ of thu

hetilth tmd onvirwnnr!rt:ll wntor quul.?y effects ~n:ioclotod wltil lcml

mobility, thid concontrutlon iu undusirubly Iligh. How@vcr, fran the

lenchilto complaltion this is thv only pol.cntinl wntcr qu:llity wwlrmmmthl

impact lndlc:lted Wr the Estdnlan mntorial~,

2, Fflgnnicn. Gns chromatcw!raphy rnnn:tnpcctrunetry warnuppllnd to the

leach waters tw identify the m:ljor or~nnlc ~l~~nl!ril,i: prem?nt. The organic
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❑aterial uaa concentrated by pasaage through a revor~e phase chromatography

col~n. The oolunn (c18 S@ppak, Waters Aasoolata~, 14ilf’ord, Masa. ) was

elutad with 2 mLof ●thyl moetateo and the ●thyl ●oetate concentrated by

evaporation to 50 1A. Five ❑lcroliters of’ the oonoentrmte were used for

the identification. The oompxmds identified in the lenahates sre ahom in
Table V.

Phenolio oanpounda are the predominant speoiea in both the Estonian raw

and spent loachatsa. The spent shale leach~te contains more phenolio

oompounds than the raw shale leaahate. Most owpomda are present at the

10 to 50 parta per billion (ppb) Iwol. the exoeptlona being phenol,

S-methylreaorcinol and reaorainol With are present in the 500-1000 ppb

range. These w~ters #re aharaoterized by very few nitrogen or sulfur

containing organic com~unds,

~ cunparison, the organ!u @rtion of the Green River spent shale

lcnahatc la pr~daminately aliphatic ao~d caapuunda fran aaetia acid through

hcxanolc Fold. Phenolic compounds are of llttle consequence in this

leachat.e. Nitrogm containing amnpounda are tho aoaond moat Irportant

alasa of’ can~undul with the mlides hm?ing nearly as high a oohcentration

aa the carboxylic neidq. Aliphatio hydroctirlnns are the third most

concentrated class of cmpoundu .%llowd by alkyl aubatitutad pyridines.

Bath of’ these classes of’ cmnpounda sise of’ low conoentrntion in the Estonian

leachates. The differences between organio ccmpononta of thd l~aoh nters

of the Estonian and Green River 8haias appear to raflect ● b~aia difference

in th~ organic ntructur* of tho karogen involved, ●nd do not appear to

reflect dif!’ereneea in r~torting proadurea, Further work is required to

verify this nsalmlptlon,

c, 011s

1, Wlihtivo ~fiiaracterlzation. Experience haa ahobm that extraction

of rmi shale with various orgmnio solvents aan -how dif’fwenoem in kerogen

5 Aauite 0!’ fiftaen orcanio dvonta wartstructure betwaen the shalme ,

used w e~tract both Estonia and Grean River raw ahalaa, fi~ roaulta of

tlmt ●#tractIrJn me given in Table VI, Yhe primary difforenoe between tho

shalom ia the inability to solvent ●xtraot any aignifiamt portion of the

Entonlan ahmle, ma ounpered to the Oraen River aha~~.

Fisahc?r asaays of the two oils shows tho Green River zhal~ to have ●n

oil yield of 26 Mallonn per toil acmparad to 93 gallona ~r ton tbr ttw



Estonian ahmle. This meana that the Green River shale oontains about 9

weight pareont retnrtablo karogen, ●nd the Estonian mbout 32%. Tho maxlmm

weight percent of’ the Groan River extraoted bv tatrahydrnf’uran (THF) ia

5,4* or 60% of tho kerogen preaont, aaa~lng no ~norganlc species ~re

soluble. The Estonian ahmle, on the ether hand, IS only 3,8$ soluble. or

about 12%of the kwogen is aaluble in THF. 7111s muld seam to indicate a

different form of both kerogen structure and kerogen bonding between the

two ahaloa.

This hypotheaia is further ssaportcd by specific compounds derived fran

tho shnlea as dleouased below, and the obaerwations of di?ferent relativ~



ahramatogrm, ‘Ihe peak at w 21 minutes in both iiomns is an artifact

(t-butylphthalate) frao the solvmt. Both oils ●re at nenrly the maao

concentration so that ~ak heitht is a measure of rolativw concentration in
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Green River shalts contain greater quantities of clay minerals (mainly
lllite) caaFvuJ to the Estonian shale. Illlta IS a suspected

fresidence o many of tha environm ~tally 3en9itlve trace elcmenta such
●s fluorine , boron , and vanadim .

X-ray fllffrmctlon i.la~a aug~mf$ts that m-quartz concentration in the
Estonian Raterial 18 tun to throo times leas than in typlcn! Grwen
River shales,



9 Carbon/hydrogen ratios (’or the tuo oils sug~~sts the Estoclan Fisoher
oil to be more Imsaturated than the Paraho oil.

● HOEII:I1alkane fiistributionm far the tm OHS show Lhat the Pnrnho oil
contains relntlvcl y more n-alkancs thmn the Estonian Fischer oil.
Thcae n-allwws in the Parah.1 oil are distributed over a wider nuaber
of carbon atcm.

● Simulated rilfitlllat!on curvrs clearly show thaL the EsLrmlan uil is a
❑uch lowor boil lnE. oil than the paraho oil.

● The concentratlona of’ 511 aeleat~d campuntis in the tw oils are
simillar except for Ltw phrnollc ccmpounda. In the I%tonlnn oil.
Fhuno!s are m:lJar ronsLit.ut,fints, while! t}wy Ilre minor in th~ Parnho
oil.



TADLEI
Major, Minor, ●d TPaoe Elmantnl Alnmdsmes (Mg/g)

fsr Eaton!#m nnd Or@@nqivcr Raw and Rp@nt Shnl~ Zolid#

SHALES
.

Estonian
——.— —

Eaton Ian Gr@m River Paraha TQaco Ocoident’al
Raw Spent Rau ~~fln t 5pent Spent

. . . ——
1694 ;369 394ji]———-_ _U51.0

.— ---- —

.31 ● 37 ?.44 2.(I6 ,,
4.2 11.0 42. t5 41.4

<156 *188
117 lGR

14pr.-:* ~q~m-ofl
lL.: ●q, 1,.

1.9 ~m~
1c;”“ liJuu
-., ●? 29,:1

.’ ,-■ I

● l’ .,. ,
~,.

~ 1.,” .!, d
,~- , Ii Ii

#ml. ‘i, ‘:
. .

-: D’” u-’Jm
,~lg!:

■ .X!tl
1,’1

“,mx’’~-”



Estonian

RaIII

TABLE II
Infrared Abaorptlon

Raw and Spent Shales

EsLonian

Spent

3620 sh

3300 VS, br

.-- . . . . . . . . .. —...- . -—

Parnho

RaW

Paraho

Spent

33ml vu

292n m

2050 w

2500 w

180u w

lh30 u, br lM’Mls, br

107tI s, br 1050 s, br

8?0 a 870 m

770 w 770 w

7:5 m 720 w

611[)u 640 ah

58CIm 57G w

RLwIml: s = strml, m ■ mlldcratc, w g weak, IW = very weak, ah 8
nhoulder , bi- c broad.



Estcniana

Raw

TABLE 11?
X-Ray Diffraction Results for Estonian Shale Waples

Calcit~(s)

a-Quartzt m)

Microcl lne( w)

Fyrite(vw)

Mlca( vu)

Unidcntificd( L.vw)

Estonian Grenn Riverb

spent Raw

Portlandlte(s) Dfil~ite (32)

Calcite(w-m) Calcite (16)

a-Qunrtz(& Quartz (~5)

Gehl@nlte/Akemnnitciu} Illite (1!))

EttrlnGtt~(w-m) Albltx (lG,

Diop31de-ALlf3 lLC(VW-I K Fe!dapar [6)

UnMtmtifiPd(vw) Pyrite (1)

An:ii~~lmt* (:)

—..-.. -—. . .— . . . . . . . . . .—

alu~ond (rnlativ~’ phnun rontcnt): s = mn.lor, m a IcwIPr:I!I*, w ❑ m!nor, vu a
very mlfior, t ■ tra,:~!.



Tnorg. C.
Crg. C.

TM3LEIV
Anal yt ical Results for Laachates

by Raw and Spent Shales

E9tonlan
Raw

1, 0(!0
8.69

Estoninn

Raw
10, (JLJI

12,62

5;

().57’:
0.770
0,011

<0. (!lk
1678

0,[!$

0, (Y)t)
C.08
0.90
0.85?
O.WJI
n,rl!

0. Ihti
<C).n?d
16,!
O,y’
“?● 6>

36
o.tll?
().0411

114
5G

9.51(1
0.514
1.3?

<0.024
10.3
<0.(112

n, flf~l
U.nl”,’
o,oil
f),11~
19.5
0,011
1.60

a ,02
10.1
l,f)c
(’I,7F0

,~q~
[),m!’.’
Omm;l!

Parak
Spent
3’/5G

11,97

1
12

C.233
0.368
0.93
K(I.!312

370
(),fl~~
0.00”+
0,02’/
G,28
1.04
om 1~~

fi.ol~
1.24

<0,02
65,6

1,87
4, cjll

180
(1m005
0.029



Phenols

Table V
Organic CanPounds Identified in Estonian

Leach Waters

Phenol
q-methyl rf?sorcinal

resort Inol
catechol
2, 5-dlmethyl rewrctno’
11,5-dlmethylri?30rri“:’
~?thylresorpino!
n-propyll.f!so~i?;noi
m-xylenol
*xylcnol
2-napthol
IJ-”xy!i?na!
I=napt.ho:

PA:!
.--”

AmIdea

acetam ldc
butanide
proptonamide
acrylamide
ben zamide

Acids— . .

other Coqywnds---— -. . ——



Solvent

TABLE VI
Organic Extract-ion of Raw Shale

Anvil+
Points

Raw Shale

20.46

9,?3

20;7!!
U2. M

1“[. 73

15.911

1!1. Ilf}

l~ml-.l]

l.j, lb

13. W’

11.31

16.18

17aly.

~u.n”:

17.N!

EstonianN
Raw Shale

1.lU

1.73

2.4U

9.97

8.27

Pm!ij!

2.1.:
, .. .,.,I I...

~.r,l

1.14

.1’7

:. 0!1

1 .~JI

37.”:8

j,14



wt.% c

ut.Z H

w.: N

TABLE VII

Elemental Carbon, Hydrogen ar?dNitrogen

Content of Eatvnian Fisher Assay Oil and

Para!w Crude Oil

Parako 601

84.46

11.15

2.21

. .“,



3-R irq
Acenaphthylene
Ant.hr~ccn@
Fluorcne
Phenanthrme

U-Ring

TABLE VIII
PQlycy~llc Aromatic Hydrocarbons

In Crude oils

Estonian
Fisher

1U7
98/5
114
R42

192
61

1.11

1,1
6H

.3.6

Paraho
6c)1

397

693
480
203
526

33
4.7

57
1.2

200

13.6
3,1
1.1
1.3

57

2.0
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IIRN. 3, Scdnninq Electron Illcroqraph of a Typical Area In
Estonlnn Rmw Shnl@ lndlcatlnq fldor Mineral Constltunnts.
Elenmtal Analysis of the Area 1s Given Below
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Intcrwavl nq Kcroqcn Material,
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